When there is obstruction to the flow of blood in the portal vein the venous pressure behind the obstruction increases, with the production of portal congestion and a rise in portal blood pressure (McMichael, 1934) . Whipple (1945) (1932). The rationale of the investigations reported here and many of the arguments put forward in the discussion are based largely on the work of these authors.
When there is obstruction to the flow of blood in the portal vein the venous pressure behind the obstruction increases, with the production of portal congestion and a rise in portal blood pressure (McMichael, 1934) . Whipple (1945) pointed out that this obstruction may be intrahepatic or extrahepatic. Extrahepatic obstruction is due usually either to thrombosis in the portal vein (sometimes in the splenic vein when a smaller segment of the abdomen is affected) or to the presence of an angioma in the porta hepatis (Pick, 1909 , and personal observations) and the process by which portal congestion and hypertension develops in extrahepatic obstruction appears relatively simple. It is, however, more difficult to understand the mechanism of obstruction when that obstruction is intrahepatic. If cases of cardiac failure are omitted, intrahepatic obstruction is found to be due usually to cirrhosis of the liver, and studies on the circulation in the normal and the ?cirrhotic liver have been carried out by various authors?notably Kretz (1905) , Herrick (1907) , Mclndoe (1928) and Kelty et al. (1950), while the relationship between the flow of blood in the portal vein and the hepatic artery and the control of that flow through them has been extensively investigated by Burton-Opitz (1911a) , Macleod and Pearce (1914) and McMichael (1932) . The rationale of the investigations reported here and many of the arguments put forward in the discussion are based largely on the work of these authors.
In order to study the vascular changes which occur in the cirrhotic liver, several normal and cirrhotic livers were obtained at post mortem and the vessels injected with Neoprine Latex. This substance is said to penetrate small vessels better than any previously used injection mass, and from examination of the casts obtained it was hoped?
1. To gain some conception of the vascular changes occurring in these livers.
2. To discover whether in the cirrhotic liver there was a freer communication between the portal vein and the hepatic artery than in the normal liver.
3. To note whether there was any marked difference in the vascular pattern produced by diffuse hepatic fibrosis and post-necrotic scarring, the differentiation between these two types of cirrhosis being based on the criteria discussed by Himsworth (1947 During perfusion it was noted that the flow of fluid through the portal vein was markedly diminished when all the anastomotic channels over the surface of the liver had been tied off.
The specimen was not completely macerated. The branches of the Portal vein and hepatic artery were observed to run in the filaments ?f fibrous tissue which had surrounded the liver nodules and, as in specimen (E), no vessels could be seen penetrating these nodules.
vol. lviii. no. 11 Judging from the vessels which floated out in the filmy strands of fibrous tissue over the external 3-4 cm. of the parenchyma, the total vascular bed of the liver was markedly reduced in size though the hepatic artery and portal vein retained their normal relationship to a degree altogether surprising in view of the marked cirrhosis present.
While the organs were being perfused prior to injection, it was noted with interest that increasing the rate of flow of fluid through either the portal vein or the hepatic artery, but especially through the portal vein, caused an immediate increase in the size of the organ and stoppage of the perfusion caused almost as rapid deflation. When Fig. 1 (X ? ).?Injected cast from specimen (C) to show the injection of the lobules through the portal vein. In the lower part of the photograph, injection is less complete and the medium-sized vessels can be seen branching regularly. the flow of fluid was well established, the liver became rounded and tense so that the collapsed, rather flabby organ seen post mortem affords no very good indication of its size and palpability during life.
Discussion
The liver has a double blood supply, oxygen being brought to it by the hepatic artery and nutriment from the intestine for metabolism by the portal vein. The hepatic artery supplies the fibrous framework of the organ (Kretz, 1905 ; Burton-Opitz, 1911b) and also supplies blood to the peripheral end of a few sinusoids (Olds and Stafford, 1930) . These latter authors affirmed that the peripheral end of each sinusoid is supplied by a terminal branch of the portal vein or the hepatic artery but never by both, and that the emptying of the narrow branch of the hepatic artery into the relatively large sinusoid is the (Fig. 3) . In other specimens there was a more marked dissociation between the portal vein and the hepatic artery, the increased importance of the part played by the hepatic artery in the cirrhotic liver being well demonstrated in specimen (F) (Fig. 5) , where, judging by the density of the arterial network, the parenchyma was supplied mainly by the hepatic artery. The appearance of the cast in this specimen, the predominance of the hepatic artery in specimen (G) (Fig. 6) Wright (1937) thought that the increase in size of the hepatic artery bed which is found in cases of cirrhosis of the liver was due to the necessity for an increased blood flow to the new fibrous tissue, while Kretz (1905) (Fig. 3) and that it is further exaggeration of this process which produces the prominent appearance of the hepatic artery seen in the injection casts of advanced cases of cirrhosis (Fig. 6) .
Following his own injection experiments Mclndoe (1928) made the point that in the cast of the vessels of the cirrhotic liver there is complete dissociation of the vascular trees of the portal vein and the hepatic artery. One of the main features of the cirrhotic livers injected with Neoprine Latex, however, was the lack of uniformity in the vascular patterns. In specimens (G) (Fig. 6) , (D) and (F), though overshadowed in the latter by an extraordinarily dense network of small arterial vessels (Fig. 5) , this distortion of the vascular tree was marked ; on the other hand, after histological examination, equally advanced cirrhotic changes were thought to be present in specimens (H) and (I) but in them, though the hepatic artery was a little more prominent than usual, the normal close relationship between the two sets of vessels was well maintained. This variation in the vascular patterns of cases which, on naked-eye examination, were thought to represent the same well-advanced stage of cirrhosis, was one of the most interesting and unexpected points emerging from this study.
In (Fig. 4) .
Since distortion of the liver parenchyma is a marked feature of post-necrotic scarring, it was thought that perhaps the distortion of the hepatic vascular tree would be more marked in these cases than where the liver was the seat of diffuse hepatic fibrosis. Study of the findings (Table) did not, however, confirm this opinion, and in fact the findings in specimens (F) and (I), though these cases were rather indefinite in type, appear to discount it. This lack of distinction between the casts from these two different types of cirrhosis underlines still further the difficulty encountered in placing cases of cirrhosis of the liver in man into one or other of Professor Himsworth's categories (Dible, 1951) .
In the cirrhotic liver there is gradual displacement of the central vein toward the periphery of the lobule so that the death of liver cells and the regeneration of others is a process affecting different parts of the lobules in different ways. In considering the factors involved in this distortion, the work of Mann and Magath (1922) is of interest, for they consider that portal venous blood is essential for the growth and regeneration of liver cells, while, as noted already, Olds and Stafford (1930) In the past, various authors (Sabourin, 1888 ; McMichael, 1932 ; Moschowitz, 1948) 
